Lithium-transition metal (T)-tetrelides (tetr. = C, Si, Ge, Sn, Pb) are an interesting class of materials with greatly differing crystal structures. The transition metal and tetrel atoms build up covalently bonded networks which leave cavities or channels for the lithium atoms. Depending on the bonding of the lithium atoms to the polyanionic network one observes mobility of the lithium atoms. The crystal chemistry, chemical bonding, 7 Li solid state NMR, and the electrochemical behavior of the tetrelides are reviewed herein.
Introduction
Elemental lithium is the most efficient anode material for a lithium ion battery from the point of view of cell voltage. However, metallic lithium has some distinct disadvantages with respect to safety and lithium reduction. The melting (180.5
• C) and boiling points (1347 • C) of lithium are comparatively low and electric shortening in such a lithium ion battery may cause irreversible damage. Furthermore, using elemental lithium, dendrite and whisker growth occurs upon lithium reduction, and penetration of the separation polymer foils can cause electric shortening.
In order to overcome these disadvantages, a variety of binary intermetallic lithium compounds has been tested as anode material. Prominent examples are the lithium aluminides, indides, silicides, stannides, and antimonides. Many of these compounds can be classified as Zintl phases. An extensive overview of the crystal chemistry of the binary phases was given by Nesper [1] . In such phases the lithium atoms transfer their valence electron to the main group element atoms enabling the formation of a polyanionic partial structure (Zintl anions). Due to the electrostatic interactions between the Zintl anions and the lithium cations, the melting point of these phases drastically increases with respect to elemental lithium, a safety advantage. However, the use of binary or even multinary intermetallic lithium compounds comprises two severe disadvantages: (i) the density of the material drastically increases and (ii) the lithium activity (cell voltage) decreases. An overview of the electrochemical data of the binary compounds with respect to battery application is given by Huggins [2] . The key subjects for lithium alloy electrode materials are (i) a preferably low density, (ii) cheep components, (iii) an enhanced melting point in order to overcome the melting of lithium, (iv) a high lithium-to-metal ratio at the end of charge (high capacity), (v) a low volume expansion during lithiation, and (vi) a good cycling performance.
Another approach concerns the addition of a third component, a 3d, 4d, or 5d transition metal. This way one obtains a two-or three-dimensional polyanionic network formed by the transition metal and X (X = element of the 3 rd , 4 th , or 5 th main group) component where the lithium atoms fill cages or channels. The pioneering synthetic work in this field was done around fourty years ago in the groups of H.-U. Schuster and A. Weiss. In that time, only structural aspects of this interesting class of compounds had been considered. Later on, these compounds have attracted renewed interest with respect to their use as anode materials in lithium ion batteries.
Since then different approaches have been applied to these materials. Groups working in the field of synthetic solid state chemistry used classical phase analyses in order to search for new ternary compounds, while in the field of electrochemistry several binary T y X z intermetallics have been used as so-called 'alloy-electrodes' and their lithiation behavior has been tested electrochemically. Besides the many Li 3 Bi related cubic phases with group III and group IV main group elements reported by the Schuster and Weiss groups (Table 1) , the Li-Cu-Al [3, 4] and Li-Ag-In [5] [6] [7] system gained renaissance when searching for new light weight and efficient anode materials.
Recent research with the group V main group elements mainly focused on the 3d transition metal phosphides with respect to electrochemical lithium insertion ( [8] [9] [10] [11] and references therein), leading to comparatively lithiumrich materials like Li 6 FeP 2 [12] or Li 8−y Mn y P 4 [13] . Also binary 3d transition metal antimonides have been intensively investigated as negative electrodes for lithium ion batteries ( [14] [15] [16] , and references therein).
In the last ten years we have investigated the lithium-transition metaltetrelides in more detail within the synthetic subgroup of the collaborative research center SFB 458 Ionic Conductivity in Materials with Disordered Structures. The crystal chemical peculiarities of these tetrelides are reviewed herein together with 7 Li solid state NMR results and electrochemical data. The basic crystallographic data of the tetrelides synthesized in our group and those [28] reported in literature are listed in Table 1 . A first overview on some of the stannides presented herein has been published in 2002 [17] .
In the following chapters we briefly discuss the crystal chemistry of the Li x T y X z intermetallics and then turn to the properties, mainly with respect to lithium mobility.
Syntheses conditions
Lithium-transition metal-tetrelides can be synthesized in X-ray pure form from the elements in sealed inert metal tubes (niobium or tantalum). Lithium is used in the form of rods in order to reduce the reactive surface. Reaction with moist air causes contaminations with LiOH and Li 3 N in the form of a dark cusp at the surface. The transition metals were used as wires (∅1-2 mm) or powders (typically 200 mesh). The group IV elements were taken in the form of lumps or granules. Lithium pieces were mixed with the transition metals and the group IV element in the stoichiometric ratios and arc-welded in niobium or tantalum tubes [86] under an argon pressure (purified over titanium sponge at 900 K, silica gel and molecular sieves) of about 800 mbar. The sealed metal tubes were subsequently enclosed in evacuated silica tubes to prevent oxidation and then annealed in tube furnaces. Alternatively the metal tubes can be heated in a water-cooled sample chamber of a high-frequency furnace [87] . The samples can be separated quantitatively from the tubes. No reaction of the samples with the container material was observed. Most compounds were stable in air over several weeks. For further details we refer to the original papers.
Standard characterization of the samples was performed via X-ray powder diffraction (Guinier technique), ICP-OES, and metallography in combination with EDX. Where single crystals were available, structure refinements based on single crystal diffractometer data were carried out. Selected compounds have been studied by powder neutron diffraction.
Lithium-transition metal-acetylides
With carbon as main group element, so far only LiAgC 2 and LiAuC 2 have been structurally characterized [88] [89] [90] . These compounds are acetylides with carbon-carbon triple bonds. The silver, respectively gold atoms build up infinite linear {AgC 2 } and {AuC 2 } chains which are arranged in the form of a hexagonal rod packing. Between the rods the lithium atoms are coordinated to three C 2 pairs in a side-on fashion. Similar to binary Li 2 C 2 [91] , also these highly ionic acetylides are extremely moisture sensitive.
Lithium-transition metal-silicides
The basic crystallographic data of the diverse Li x T y Si z silicides are listed in Table 1 . Especially the ternary systems with nickel, copper, and silver have intensively been investigated. Several silicides crystallize with cubic structures which derive from the Li 3 Bi type by an ordered arrangement on the three crystallographically independent sites. As an example we present the structure of LiNi 2 Si in Fig. 1 . The lithium and silicon atoms build up a rocksalt-like substructure in which the tetrahedral voids are filled by the nickel atoms. This corresponds to the structure of the Heusler phase.
In addition to the silicides, also the other tetrelides and compounds with group III and group V occur with a similar structural arrangement. Most compounds had already been reported in the early work by Weiss and Schuster [24, 28] . Besides the compositions LiT 2 Si, also several silicides Li 2 TSi have been reported (Table 1 ). All of these structures can be considered as superstructures of the well known CsCl type through site occupancy variants in a 2 × 2 × 2 supercell. An overview of the different variants is given in the textbook by Müller [92] .
Several of the silicide structures are quite complex with large unit cells (Table 1) . These silicides show pronounced mixed occupancies, i.e. T-Si as well as Li-Si mixing besides partially occupied silicon and T sites (for details we refer to the original literature), leading to extended homogeneity ranges. These structural features might be good prerequisites for lithium mobility, however, only few phases had been tested in this respect (vide infra). Various ternary silicides with silver as transition metal component have also been reported. They show homogeneity ranges as well and for some compounds the exact composition is still not known. A structurally very interesting compound of this family is Li 13 Ag 5 Si 6 [41] which shows a complicated stacking sequence within a wurtzite-related network of the silver and silicon atoms besides some Ag/Li mixing within the tetrahedra. This is favorable for use of Li 13 Ag 5 Si 6 as an anode material (vide infra).
Besides the many disordered materials we exemplarily describe some crystallographically ordered structures hereafter in more detail. With rhodium as transition metal we observe the silicides LiRh 2 Si 2 [36] and Li 3 Rh 4 Si 4 [38] . Both compounds have an identical Rh-Si ratio but show different threedimensional [RhSi] networks ( Fig. 2) with strong covalent Rh-Si bonding (as is evident from electronic structure calculations). This is underlined by shorter Rh-Si distances at 244-248 (LiRh 2 Si 2 ) and 227 pm (Li 3 Rh 4 Si 4 ), which com- pare well with the sum of the covalent radii [93] of 242 pm. In addition one also observes shorter Rh-Rh contacts within the two networks.
In tetragonal LiRh 2 Si 2 [36] lithium-filled channels extend in the c direction. Temperature dependent 7 Li solid state NMR data were indicative of restricted one-dimensional lithium mobility producing only partial line narrowing of the static NMR lineshape and a well-defined quadrupolar splitting, in qualitative agreement with this structural feature. A different situation occurs for Li 3 Rh 4 Si 4 [38] . This cubic structure leaves larger channels in all three directions. At room temperature Li 3 Rh 4 Si 4 crystallizes with the Na 3 Pt 4 Ge 4 type [94] , however, with a split position for the lithium atoms. Around 220 K the stoichiometric sample shows a structural phase transition to a rhombohedral lock-in phase with lithium ordering. If the lithium content deviates from Li 3 per formula unit we observe different modulated structures at low temperature. In total, one observes a quite complicated microstructure. This picture is confirmed by detailed temperature-dependent 7 Li solid state NMR spectra, to be discussed below.
LiPdSi 3 [40] shows a site occupancy variant of the tetragonal BaNiSn 3 type [95] structure. Most likely due to size restrictions, the small lithium atoms occupy the square-pyramidal 2a site (245-246 pm Li-Si), while the palladium atoms take the 2a barium site with a square-prismatic PdLi 4 Si2 4 coordination (Fig. 3) . For an overview of the many BaAl 4 /ThCr 2 Si 2 related superstructures and ordering variants we refer to a review article [96] .
As an example for a rare earth metal containing silicide we present the LiYSi structure [29] in Fig. 4 . LiYSi crystallizes with a site occupancy variant of the ZrNiAl structure [97, 98] . The yttrium and silicon atoms build up a three-dimensional [YSi] network which leaves strongly distorted hexagonal channels for the lithium atoms. The latter connect to four silicon atoms of the [YSi] network with Li-Si distances of 265 and 278 pm. Between the channels one observes also shorter Li-Li distances of 279 pm, somewhat smaller than in bcc lithium (304 pm) [99] . These shorter Li-Li distances express the ionic character of lithium (smaller size of Li + ). The lithium-rich silicide Li 4 Pt 3 Si [45] exhibits a peculiar crystal structure. As emphasized in Fig. 5 , the silicon atoms have trigonal-prismatic platinum co- ordination and always two prisms are condensed via a common triangular face to a double unit. The latter further condense with neighbouring units via common corners, leading to a three-dimensional network which leaves channels for the two crystallographically independent lithium atoms. As discussed below, the hopping motion of lithium between these sites can be detected by 7 Li magic-angle spinning NMR.
Lithium-transition metal-germanides
Many of the Li-T-Ge phase diagrams show cubic ternary compounds of compositions Li 2 TGe and LiT 2 Ge. The structural chemistry of these germanides is similar to those of the isotypic silicides (vide ultra). A structurally peculiar material among the germanides is the lithium-rich compound Li 8 Zn 2 Ge 3 [55] . The zinc and germanium atoms built up planar [Zn 2 Ge 3 ] heterographite layers (Fig. 6) which are separated by the lithium atoms. The stacking sequence of the layers is ABCDEF. Such defect hexagonal layers also occur in Yb 3 Si 5 [101] and the stannide Li 17 Ag 3 Sn 6 [79] 
(vide infra).
A side product of the Li 8 Zn 2 Ge 3 synthesis concerns the solid solution Li 17−x Zn x Ge 4 [58] . These germanides can be considered as zinc-doped variants of binary cubic Li 17 Ge 4 [102] . The zinc-doping leads to a small increase in the lattice parameter from 1875.6 [102] to 1884.2 pm [58] .
In the lithium-poor parts of the Li-T-Ge phase diagrams the germanides LiFe 6 Ge 4 and LiFe 6 Ge 5 [51] have been reported. Originally these germanides were described with monoclinic unit cells in space groups C2/m. Analyses of the positional parameters pointed to the higher symmetric space groups R3m [52] . Both structures are relatively complex stacking variants of Zr 4 Al 3 -and CeCo 3 B 2 -related slabs which also occur in the germanide MgFe 6 Ge 6 . With an even higher germanium content LiFe 6 Ge 6 [50] has been obtained. This germanide is structurally related to the CoSn type.
Lithium-transition metal-stannides
A huge number of the stannide structures (Table 1) has been studied on the basis of X-ray single crystal data. A first overview of the stannide structures was given in an earlier review article [17] . Again, besides the compounds with comparatively complex crystal structures, also diverse cubic stannides Li 2 TSn and LiT 2 Sn have been reported. In the present chapter we concentrate only on some representative examples out of the Li-T-Sn family of compounds.
The most detailed study for the cubic phases was performed for the lithium insertion and Sn/Li substitution in binary PtSn 2 . In a first step the octahedral sites can be filled with lithium. Due to an attractive Pt-Li interaction the a lattice parameter drastically decreases (Fig. 7) . In a next step, part of the tetrahedral tin sites can ce substituted by lithium. At the composition Li 3 Pt 2 Sn 3 [84] a fully ordered superstructure occurs. The end member of this series is the lithium-rich stannide Li 2 PtSn. Most likely many of the cubic phases in the silicides, germanides, and stannides series show similar structural behavior which deserves meticulous reinvestigation. Also the various lattice parameters given for the lithium-silver-silicides might be a hint for such ordered variants.
Tin-lithium substitution is not limited to Li 3 Pt 2 Sn 3 [84] and the respective solid solution Li 3−x Pt 2 Sn 3+x . A binary stannide Rh 3 Sn 7 does not exist, however, upon tin-lithium substitition a broad homogeneity range Li x Rh 3 Sn 7−x occurs [74] . Similar behavior has been observed for the series Li x Ir 3 Sn 7−x (Table 1) , but here, the binary stannide Ir 3 Sn 7 is known, while a small portion of lithium is needed to stabilize the rhodium compound.
The transition metal atoms in the two solid solutions Li x Rh 3 Sn 7−x and Li x Ir 3 Sn 7−x have square antiprismatic tin coordination. This is also the case for several of the binary transition metal stannides. In the latter compounds, the square antiprisms are condensed via common edges, forming mono or double blocks. Interestingly such blocks occur in a variety of ternary lithiumcontaining stannides like LiTSn 4 (T = Ru, Rh, Ir) [72] and Li 1.42 Pd 2 Sn 5.58 [78] (Fig. 7) . In the structures of the LiTSn 4 stannides, no Sn/Li mixing has been observed, while the palladium containing phases deserve a certain degree of Sn/Li substitution. Refinement of several crystal structures always resulted in the same, optimized composition. Completely different crystal chemistry has been observed for the stannide Li 2 AuSn 2 [83] which crystallizes with its own structure type. Each gold atom has tetrahedral tin coordination and these AuSn 4/2 tetrahedra are condensed via common corners within the ab plane (Fig. 9) . Adjacent layers are further condensed via Sn-Sn bonds, leading to a three-dimensional network.
Due to its peculiar crystal chemistry (Li 2 AuSn 2 crystallizes with space group I4 1 /amd), the tetrahedral network leaves many channels that exist in the a and b direction as well. This offers excellent structural prerequisites for lithium mobility (vide infra).
Lithium-transition metal-plumbides
So far only few lithium-transition metal-plumbides have been reported (Table 1) . Except Li 0.6 ZrPb 0.4 [61] with hexagonal LiRh type structure, they all crystallize with cubic structures which derive from the CsCl type. A severe problem for the plumbides is the refinement of the lithium positions. Besides the strongly scattering lead atoms, lithium is hardly reliably detectable by X-ray diffraction. All plumbides had only been studied on the basis of powder X-ray diffraction. Yet no properties have been studied.
Lithium structure, bonding, and mobility: results from solid state NMR spectroscopy
Many of the intermetallic Li x T y X z compounds listed in Table 1 show the necessary structural conditions for facilitating lithium mobility, i.e. partially occupied lithium sites, vacancies in the lithium substructure, or mixed occupied sites. In order to get information on the degree of lithium mobility and in order to check the distinguishable lithium sites, many of the tetrelides have been studied by temperature dependent 7 Li solid state NMR. Owing to the favorable properties of the 7 Li isotope (I = 3/2), NMR presents an element-selective, inherently quantitative structural tool for characterizing the local environments and the dynamics of the lithium atoms. Figure 10 summarizes the basic principles of this technique. The four Zeeman levels are shifted by the interaction of the nuclear electric quadrupole moment with the electric field gradient present at the lithium site. The shift depends on both |m| and the orientation of the electric field gradient relative to the magnetic field direction. As a result the two outer Zeeman transitions ( 3/2| − 1/2| and −3/2| − −1/2|) depend on the orientation of the electric field gradient tensor relative to the magnetic field and are thus subject to strong inhomogeneous broadening in polycrystalline or amorphous samples. Under the influence of magic angle sample spinning (MAS) this powder pattern is converted to a spinning sideband manifold. From the frequency range and intensity distribution of this manifold one can extract the nuclear electric quadrupolar coupling constant C Q (which characterizes the size of the field gradient) and the asymmetry parameter η Q (which characterizes its deviation from cylindrical symmetry). Thus NMR can provide detailed numerical information regarding the local distortions of lithium environments in crystalline compounds.
In general, however, the interest is focused on the central |1/2 − | − 1/2 transition, which is unaffected by the quadrupolar interaction in first order, and thus yields highly resolved distinct resonance signals for crystallographically inequivalent lithium sites under MAS conditions. Thus 7 Li MAS-NMR carries the potential of differentiating between various local environments present in the sample and providing detailed infomation about populations and site occupancies. Examples for this application include work on Li 2 CuSn [75] , Li 2 AuSn [75] , and Li 4 Pt 3 Si [45] . Since the precise 7 Li resonance frequency is strongly affected by the interaction of the lithium nuclei with delocalized spin density of electrons near the Fermi edge (Knight shift), the signals also provide important information about the local electronic properties of the lithium atoms in these compounds. The data are usually given in terms of the isotropic chemical shift δ iso = (ν − ν ref )/ν where ν ref denotes the resonance frequency of a suitable reference standard, usually 1 M LiCl solution. Chemical shifts near zero ppm indicate that the lithium atoms in the intermetallic compounds are highly ionized, wheras high values indicate substantial localized electron density at the lithium atoms. Table 2 summarizes the chemical shift 9.7 3D (T > 300 K) [83] data on all of the lithium transition metal tetrelides measured thus far, indicating a wide range. Most compounds exhibit shifts in the range from 0 to 40 ppm, indicating a high ionicity of the lithium atoms. Besides this larger group, three compounds, i.e. below the value measured for metallic lithium 260 ppm) indicating that significant electron transfer from the lithium to the other constituent atoms takes place. Besides providing useful structure and bonding information, lithium NMR can also give quantitative insights into the local dynamics of the lithium ions. Table 2 summarizes the results obtained so far. If the lithium atoms transfer between crystallographically distinct sites at a hopping rate comparable to the resonance frequency difference between these sites (typically 100-1000 Hz), the spectra are influenced by exchange broadening and signal coalescence effects, and in the fast hopping limit, a sharp line at the average isotropic shift appears. An example is shown for the compound Li 4 Pt 3 Si in Fig. 11 . While the two distinct lithium environments, present in a 3 : 1 ratio in this compound are clearly differentiated at room temperature, signal averaging caused by lithium motion becomes evident above 350 K and activation energies can be extracted by lineshape simulations of temperature dependent MAS-NMR spectra. Similar effects have been observed in Li 2 CuSn [75] and Li 2 AuSn [75] ,
The above approach is possible only if the samples contain distinct lithium species with resolved MAS resonances. A more general method of characterizing lithium ion dynamics is to study the static NMR spectra as a function of temperature. In the rigid lattice limit (typically realized at 77 K), the width of the central |1/2 − | − 1/2 transition is dominated by strong homonuclear 7 Li-7 Li magnetic dipole-dipole coupling, resulting in typical linewidths near 5000-10 000 Hz. If, however, the lithium atoms move among multiple sites with transfer rates on the order of the 7 Li NMR linewidth (5-10 kHz), [83] .
this interaction is averaged out, producing a sharp signal in the motional narrowing limit. Thus, a simple static spectrum recorded at room temperature allows a rapid assessment of the lithium ion mobility in a given compound. In addition, the activation energy can be estimated from detailed tempera- ture dependent linewidth data, using the approximate Waugh-Fedin formula E a (kJ/mol) ≈ 0.156 × T o , where T o is the onset temperature of motional narrowing. Finally, isotropic mobility on the frequency scale of the quadrupolar splitting (∼ 50-100 kHz) leads to complete averaging of the static quadrupolar broadening and the disappearance of the corresponding spinning sideband pattern in the MAS NMR spectra.
As an example we present the static 7 Li solid state NMR data of Li 3 Rh 4 Si 4 [38] and Li 2 AuSn 2 [83] in Fig. 12 . The drastic line-narrowing with increasing temperature readily indicates lithium motion on the NMR timescale. From the onset temperatures of motional narrowing we obtain activation energies of of 27 (Li 2 AuSn 2 ), 33 (LiAg 2 Sn), and 19 (Li 3 Rh 4 Si 4 ) kJ/mol. These low values classify the above three ternary intermetallic lithium compounds as potentially suitable anode materials for lithium batteries.
If the lithium mobility is dimensionally restricted, such as is the case for hopping between distinct sites, or lithium motion within 1D channels or 2D planes, typical NMR signatures are observed: in this case the motional narrowing is incomplete, resulting a constant plateau value of the static linewidth (typically several kHz) in the high-temperature limit. Furthermore, a welldefined quadrupolar splitting is observed, reflecting the residual electric field gradient experienced by the lithium nuclei. Both of these features have been observed in LiRh 2 Si 2 (see Fig. 13 ) [36] . While showing clear motional narrowing effects on the NMR timescale above 120 K, the compound Li 3 Rh 4 Si 4 represents a special case from a structural point of view. This compound undergoes a phase transition at 230 K, leading to an incommensurate phase, in which still substantial lithium mobility exists according to the small static 7 Li NMR linewidths. The high-resolution MAS-NMR lineshapes of this phase are rather complex indicating a multitude of local environments. In apparent contradiction to the high lithium mobility observed in the static spectra, the multiple lithium resonances observed in the MAS spectra reveal the absence of site exchange on the timescale of 100 Hz (see Fig. 14) .
Based on these results, the distinct 7 Li resonances must come from highly mobile lithium atoms, which are, however, localized in spatially separated regions. The NMR spectra are thus inconsistent with a uniform superstructure, and rather indicate that the Li 3 Rh 4 Si 4 samples are better formulated as Li 3−δ Rh 4 Si 4 , leading to a distribution of different domains with slightly different lithium contents and environments.
Electrochemical characterization
In parallel to the temperature dependent NMR data, some selected compounds have been analyzed by electrochemical techniques (GITT (Galvanostatic Intermittent Titration Technique) and PITT (Potentiostatic Intermittent Titration Technique) measurements) in order to study the chemical diffusion, thermodynamic activity and electrochemical capacity as an electrode material in lithium cells. LiIrSn 4 [107] and LiAg 2 Sn [108] were investigated by a combined neutron scattering and electrochemistry approach. In view of the low scattering power of lithium for X-rays, neutron diffraction was used for a refinement of the lithium occupancy parameters. The electrochemical measurements on [121, 122] and a nearly reversible insertion/deinsertion in the voltage range between 1.6 and 2.1 V. Coulometric titration, chronopotentiometry, chronoamperometry and cyclic voltammetry were used to study the kinetics of lithium ion diffusion in LiIrSn 4 . The range of homogeneity (Li 1+Δδ IrSn 4 , −0.091 ≤ δ ≤ +0.012) without any structural change in the host structure, and the high values of chemical diffusion coefficient (10 −7 -10 −9 cm 2 s −1 ) point to good conduction behaviour.
Compound electrodes made from Li 2+x AuSn 2 [109] were characterized with respect to their kinetics and charging/discharging behaviour at ambient temperature. Figure 15 represents the typical behaviour of these ternary intermetallics during PITT measurements.
PITT and GITT measurements result in values of the chemical diffusion coefficient D Li at room temperature in a range between 10 −7 and 10 −8 cm 2 s −1 . For small lithium non-stoichiometry x, a maximum value of D Li max. = 1.5 × 10 −6 cm 2 s −1 was measured. Cyclic voltammetry (CV) measurements were also carried out inorder to check the reversibility of lithium insertion in these materials as shown in Fig. 16 . The cyclic voltammogram for Li 2+x AuSn 2 cycled in the range 0 to 3 V at a scan rate of 10 mV s −1 shows reversibility of the anode reaction, but a fast irreversible fading of the lithium insertion with repeated cycling [109] . CV for Li 1−x Ag 2 Sn was carried out at 5 mV s −1 . The voltage range for a nearly reversible insertion/deinsertion reaction lies between 1.6 and 2.1 V [108] . Li 2+x AuSn 2 had an initial discharge capacity of 251 mA h g −1 falling to 60 mA h g −1 [109] after 10 cycles. Although compounds like Li 2+x AuSn 2 are not anode materials with high lithium capacity, the unique structure of these intermetallics and the faster lithium diffusion than found in many other anode materials are interesting results which make it worthwhile to continue the investigations in this class of intermetallic compounds.
Electrochemical data have also been collected for Li 13 [113] . This broad range is typically explainable by the large variability of the particle size, orientation and defect density of graphite. Overall, the data about chemical diffusion coefficients in newer lithium anode materials is rather limited. Table 3 compiles values for some interesting systems published so far with emphasis on binary compounds.
Finally we need to mention the optical properties of such Li x T y X z intermetallics. Besides the many silvery compounds, depending on the valence electron concentration, several compounds show intrinsic color. This has systematically been investigated in the Schuster group [123, 124] 
Conclusions
Lithium-transition metal-tetrelides are an interesting class of compounds with respect to crystal chemistry and lithium mobility. Although many compounds with quite expensive noble metals have been studied, they are important model compounds in oder to understand the structure-property relationships. The rigid character of the two-or three-dimensional [T y X z ] polyanionic networks seems to be favorable for lithium incorporation in cavities and/or channels and for lithium mobility as well. The determined diffusion coefficients determined thus far on some of the new compounds studied are quite promising. For characterizing the ionic mobility in more detail, the portfolio of tem-perature dependent solid state NMR lineshape analysis has been incorporated into the standard characterization protocol of new intermetallic lithium compounds.
Our investigations clearly showed that some of the key requirements for lithium alloy electrodes, i.e. enhanced temperature stability and good lithium mobility hold for several of the lithium-transition metal-tetrelides. Further phase analytical studies with the much cheeper and more abundant 3d transition metals are in progress in order to develop electrode materials with lower density.
